Background: Prior studies report a high incidence of airway complications in patients with Robin sequence following palatoplasty. The authors' institution uses polysomnography to assess risk of airway compromise before palatoplasty in Robin sequence. This study compares airway complications in Robin sequence to cleft palate only using this screening airway protocol and identifies risk factors for airway complications after palatoplasty. Methods: A 12-year retrospective review of patients with Robin sequence undergoing palatoplasty was performed. Robin sequence patients were divided into nonoperative management and mandibular distraction osteogenesis subgroups. Preoperative variables including comorbidities were recorded. The primary outcome was postoperative airway complication, defined as reintubation, emergency room visit, or hospital admission within 3 months of palatoplasty. Results: One hundred thirteen patients met inclusion criteria: polysomnography, 34.5 percent; Robin sequence, 65.5 percent; and Robin sequence treated with mandibular distraction osteogenesis, 30.1 percent. Screening polysomnography was used to indicate patients for palatoplasty or other airway interventions. The total airway complication rate was 7.1 percent; this was similar in Robin sequence (5.8 percent) and cleft palate only (7.7 percent). In isolated Robin sequence, the reintubation rate was 0 percent. Lower airway anomalies were associated with airway complications (p = 0.03). Significant variables for reintubation were cardiac (p = 0.046), gastrointestinal (p = 0.04), and lower airway anomalies (p = 0.025) and syndromic diagnosis (p = 0.05). Conclusion: Screening polysomnography can control airway complications following palatoplasty in Robin sequence patients to a rate that is comparable to that of patients with cleft palate only. (Plast. Reconstr. Surg. 134: 937e, 2014.) 
R obin sequence is described as a triad of retrognathia, glossoptosis, and airway obstruction.
1,2 Management of obstruction includes nonoperative and operative intervention, including tracheostomy, tongue-lip adhesion, and mandibular distraction osteogenesis. 3 Cleft palate is seen in 66 to 90 percent [4] [5] [6] of patients with Robin sequence, although some groups erroneously consider cleft palate to be a diagnostic criterion. 7, 8 The cleft is typically U-shaped and involves the posterior, or secondary, palate caused by obstruction of palatal shelf fusion by the tongue.
Prior studies report a preponderance of airway complications, with rates of 22 to 47 percent, [9] [10] [11] [12] and a high incidence of obstructive sleep apnea 13 in patients affected by Robin sequence following palatoplasty. Syndromic diagnosis, age at the time of repair, cleft width, and prior gastrostomy tube have been correlated with postoperative respiratory problems. 9, 11 Severity of obstruction has also been correlated with postoperative airway problems. 10, 11, 14 These studies correlated severity with clinical criteria alone without any direct measurement of airway obstruction. Polysomnography has emerged as an effective means of quantifying the severity of obstructive sleep apnea 15, 16 and may be an effective screening tool for assessing postoperative airway risk before palatoplasty in the Robin sequence population.
Our institution uses an airway assessment protocol incorporating polysomnography for children with Robin sequence before palate repair. The objectives of this study are to compare airway-related outcomes after palatoplasty in Robin sequence and cleft palate-only patients using our airway assessment protocol and to identify risk factors for airway complications following palatoplasty.
PATIENTS AND METHODS
Indiana University Institutional Review Board approval was obtained before the start of the study. All patients with Robin sequence who underwent palatoplasty from January of 2000 to December of 2012 at a tertiary care children's hospital were identified. Inclusion criteria were infants diagnosed with Robin sequence, defined as micrognathia/retrognathia, glossoptosis, and airway obstruction necessitating intervention (i.e., prone positioning, supplemental oxygen, nasopharyngeal tube, or surgery).
Cleft palate only was defined as cleft palate without Robin sequence or syndromic diagnosis. This study stratified the severity of Robin sequence by treatment modality (operative versus nonoperative management). Patients who underwent operative management underwent mandibular distraction. Nonoperative interventions consisted of positioning changes and/or supplemental oxygen only; no distraction, tongue-lip adhesion, or tracheostomy was performed.
Preoperative variables assessed included gestational age; birth weight; age at palatoplasty; apneahypopnea index before palatoplasty; presence of cardiac, central nervous system, gastrointestinal, lower airway, or genetic anomalies/syndromic diagnosis; and isolated disease. The term isolated refers to the absence of anomalies other than cleft palate and Robin sequence; e.g., a patient in the cleft palate-only group with a cardiac anomaly would not meet the criterion.
All patients underwent evaluation before palatoplasty using an institutional airway assessment algorithm (Fig. 1) . On initial presentation, patients are assessed by a plastic surgeon, a pulmonologist, a neonatologist, an otorhinolaryngologist, and a feeding specialist. Airway obstruction is managed nonoperatively or with mandibular distraction osteogenesis depending on severity, based on our previously described treatment protocol. 4 Briefly, mandibular distraction osteogenesis is indicated in patients with Robin sequence with airway obstruction not relieved by nonoperative interventions, an apnea-hypopnea index of greater than 20 or carbon oxide retention, no central sleep apnea, no concurrent airway anomalies other than laryngomalacia, and favorable bone morphology for distraction as seen on computed tomographic evaluation. Mandibular distraction, when indicated, is performed during infancy. Before palatoplasty, polysomnography is performed. If the apnea-hypopnea index is less than or equal to 5 and there is no significant carbon dioxide retention, the palate is repaired. If a patient does not meet airway criteria, the patient is reassessed by the pulmonologist. In cases of mild airway obstruction, the decision is made to either proceed with palatoplasty or observe the patient with serial polysomnography, according to the recommendations of the pulmonologist. In cases of more severe or persistent obstructive sleep apnea, patients undergo evaluation by a pediatric otolaryngologist. If there is tonsillar and/or adenoid hypertrophy, tonsillectomy and adenoidectomy are considered. Primary or secondary mandibular distraction is considered as well. All patients are followed by the plastic surgeon, pulmonologist, and pediatrician after palatoplasty. Postoperative polysomnography is not performed unless there is a concern for obstructive sleep apnea as determined by the pulmonologist. Of note, before 2005, patients with Robin sequence managed nonoperatively underwent preoperative polysomnography at the discretion of the surgeon or pulmonologist evaluating for evidence of obstruction. Beginning in 2005, our protocol incorporated screening polysomnography for all Robin sequence patients.
Palatoplasty technique consisted of a von Langenbeck palatoplasty for hard palate repair and Furlow or intravelar veloplasty for soft palate repair, depending on surgeon preference. A tongue suture with or without a nasopharyngeal tube was placed intraoperatively according to surgeon preference. Discharge criteria included adequate oral intake, stable respiratory status, and adequate pain control with oral medication.
The primary outcome was the rate of postoperative airway complications. Airway complications were defined as reintubation, hospital admissions, or emergency room visits for airway compromise within 3 months of palatoplasty. Emergency room visits and hospital admissions for reasons other Volume 134, Number 6 • Airway Compromise after Palatoplasty 939e than respiratory problems were excluded. Complication rates were derived for cleft palate only, Robin sequence, Robin sequence treated with mandibular distraction osteogenesis, and Robin sequence treated with nonoperative management. Length of hospital stay and time to removal of tongue suture and/or nasopharyngeal tube were also assessed.
Statistical Analysis
Univariate analysis was performed to assess the association between each variable and outcome measure. The incidence rate of airway outcomes was compared between patients with Robin sequence, cleft palate only, Robin sequence treated with mandibular distraction osteogenesis, and Robin sequence treated with nonoperative management. A two-sided t test was used to determine differences of the means for continuous variables, and the chi-square or Fisher's exact test was used to determine differences of proportions for categorical variables. Statistical significance was defined as p < 0.05. Analyses were performed using Microsoft Excel (Microsoft Corp., Redmond, Wash.) and GraphPad software (GraphPad Software, Inc., San Jose, Calif.).
RESULTS
One hundred thirteen patients met inclusion criteria over the 12-year study period. The mean follow-up time was 18 months. Thirty-nine patients (34.5 percent) had cleft palate only and 74 patients (65.5 percent) had Robin sequence; of these, 34 patients (30.1 percent) had Robin sequence treated with mandibular distraction osteogenesis. Incidences of assessed variables are listed in Table 1 . For all patients, mean gestational age was 37.6 ± 2.1 weeks, mean birth weight was 3 ± 0.6 kg, and mean age at palatoplasty was 16.4 ± 9.1 months (range, 8 to 30 months). The mean age at palatoplasty was greater in patients with Robin sequence (18 ± 10.5 months) than in 
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Plastic and Reconstructive Surgery • December 2014 those with cleft palate only (13.3 ± 2.8 months) (p = 0.006). Mean apnea-hypopnea index before palate repair was 3.9 ± 4.2 for Robin sequence treated with mandibular distraction osteogenesis and 3.5 ± 2.4 for Robin sequence treated with nonoperative management.
For patients with Robin sequence, there were 17.6 percent cardiac anomalies, 9.5 percent central nervous system anomalies, 18.9 percent gastrointestinal anomalies, 13.5 percent lower airway anomalies, 21.6 percent syndromic diagnosis or genetic anomalies, and 59.5 percent isolated Robin sequence. Variables that occurred more frequently in Robin sequence versus cleft palate only were gastrointestinal abnormalities (cleft palate only, 0 percent; p = 0.002) and syndromic diagnosis (cleft palate only, 0 percent; p < 0.001). Isolated cleft palate occurred more frequently in the cleft palate-only group (cleft palate only, 87.2 percent; p = 0.003). The distribution and types of organ system anomalies are listed in Table 2 . The distribution of Veau classifications for mandibular distraction osteogenesis was as follows: type I, 29.4 percent; and type II, 79.6 percent. Distribution of Veau classifications for nonoperative management was as follows: type I, 35 percent; and type II, 65 percent. Distribution for cleft palate only was as follows: type I, 20 percent; type II, 50 percent; type III, 20 percent; and type IV, 10 percent.
The total airway complication rate was 7.1 percent (eight patients): 6.8 percent for Robin sequence and 7.7 percent for cleft palate only (Table 3) . The difference in airway complications between Robin sequence and cleft palate only was not statistically significant. There was no statistically significant difference between the mandibular distraction osteogenesis and nonoperative management subgroups and cleft palate only or within the two subgroups. In addition, 2.7 percent of patients required reintubation: 5.9 percent mandibular distraction osteogenesis, 2.5 percent nonoperative management, and 0 percent cleft palate only. The difference in reintubation between Robin sequence and cleft palate only was not statistically significant (p = 0.55). The differences between the subgroups and cleft palate only and within the subgroups were also not statistically significant. In this study, 0.9 percent of patients required readmission for airway problems: 2.9 percent mandibular distraction osteogenesis, 0 percent cleft palate only, and 0 percent nonoperative management. The difference was not statistically significant between Robin sequence and cleft palate only, or between the subgroups and cleft palate only or within the subgroups. Four patients (3.5 percent) presented to the emergency room for airway problems: mandibular distraction osteogenesis, 0 percent; cleft palate only, 7.7 percent; and nonoperative management, 2.4 percent. The difference was not statistically significant between Robin sequence and cleft palate only (p = 0.12), or between the subgroups and cleft palate only or within the subgroups. One patient in the mandibular distraction osteogenesis group admitted for airway problems was admitted from the emergency room; this was categorized as a hospital admission.
The average length of hospital stay was 1.99 ± 2.5 days for all patients: 2.3 ± 2.7 days for mandibular distraction osteogenesis, 1.8 ± 2.4 days for nonoperative management, and 1.89 ± 1 days for cleft palate only (Table 3) . There was no statistically significant difference between Robin sequence and cleft palate only (p = 0.76), between the Robin sequence subgroups and cleft palate only, or within the subgroups. The time to tongue Table 4 . A statistically significant difference was found for lower airway anomalies (p = 0.03) and for lower airway anomalies other than laryngomalacia (p = 0.013). Univariate analysis demonstrated a significant association between reintubation rate and cardiac anomalies (p = 0.046), gastrointestinal anomalies (p = 0.04), lower airway anomalies (p = 0.02), lower airway anomalies other than laryngomalacia (p = 0.001), and syndromic diagnosis/ genetic anomalies (p = 0.05). There was no significant difference in preoperative apnea-hypopnea index between patients with and without airway complications (p = 0.72) or patients who did or did not undergo reintubation (p = 0.97). Isolated Robin sequence and cleft palate only showed a trend toward less reintubation compared with nonisolated disease (p = 0.07). The airway complication rate was 6.1 percent (p = 0.72) and the reintubation rate was 0 percent in this group. 
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DISCUSSION
Prior studies report a higher incidence of perioperative airway problems in patients with Robin sequence compared with cleft palate only. Robin sequence patients are more difficult to intubate and extubate, and are more likely to experience airway compromise following primary palatoplasty and operations for velopharyngeal insufficiency. 10, [17] [18] [19] [20] [21] [22] [23] [24] [25] Some studies use clinical findings to assess severity, correlating perioperative anesthetic complications with Caouette-Laberge grade. 5 However, these are indirect measures of obstructive sleep apnea. In addition, most studies do not differentiate between isolated and nonisolated forms of Robin sequence. Nonisolated Robin sequence reflects a more complex expression of the disease; this omission therefore neglects to address the effect of comorbidities on rate of airway complications.
The earliest studies report high rates of complications in Robin sequence following palatoplasty. In 1965, Hoffman et al. reported a 44 percent airway complication rate, including difficulty with intubation and tracheostomy in patients with Robin sequence undergoing palatoplasty. 26 Studies comparing Robin sequence with cleft palate only for primary palatoplasty have found higher rates of airway complications in Robin sequence. In 2002, Antony and Sloan reported a 5.7 percent rate of airway problems among 247 patients undergoing palatoplasty. 12 Robin sequence and the presence of other congenital anomalies were associated with a significantly higher rate of airway problems. Ninety-three percent of patients with a complication had congenital anomalies, whereas 17 percent of patients without a complication had congenital anomalies. Other comparative studies identify risk factors for airway complications in Robin sequence. Henriksson and Skoog compared anesthetic risk among patients with isolated cleft palate, Robin sequence, and other syndromes. 9 The overall complication rate was 8 percent, in contrast to 47 percent for patients with Robin sequence and 10 percent for all patients younger than 1 year. Severity of Robin sequence was defined according to the Caouette-Laberge classification; patients with class III had a significantly higher rate of anesthetic complications compared with class I/II. The authors recommended delaying palatoplasty until age 12 to 18 months in class III patients. In 2011, Arteau-Gauthier et al. compared difficulty of intubation among 145 patients with cleft palate only, Robin sequence, cleft lip, and cleft lipcleft palate. 10 There was a statistically significant higher intubation grade in the 25 patients with Robin sequence (23 percent) compared with cleft palate only (2.7 percent). For Robin sequence, Caouette-Laberge class II or III conferred a 36 percent risk of difficult intubation versus 13 percent for class I (p < 0.001). A wider cleft was also significantly associated with a higher intubation grade. This same group more recently correlated cleft width at the level of the soft palate and airway and feeding difficulties.
14 Cleft width was greater in Robin sequence with severe compared with mild symptoms and compared with cleft palate only. Finally, Lehman et al. reported 22.2 percent airway complications among 36 patients with Robin sequence. 11 The presence of a syndromic diagnosis and the need for gastrostomy tube, tracheostomy, tongue-lip adhesion, and intubation Volume 134, Number 6 • Airway Compromise after Palatoplasty 943e during the neonatal period were associated with a statistically significantly increased rate of airway complications. This study compares airway outcomes after palatoplasty in Robin sequence to cleft palate only using an institutional protocol for Robin sequence. To our knowledge, this is the most extensive study evaluating airway outcomes following palatoplasty in patients with Robin sequence. Table 5 summarizes the existing literature for palate reconstruction and airway complications in Robin sequence and cleft palate only. These studies report rates of perioperative airway compromise between 22 and 100 percent, with a weighted average of 31.8 percent for Robin sequence. Airway problems included reintubation, tracheostomy, respiratory distress, and difficult intubation. Our study's airway complication rate was 6.8 percent for Robin sequence. More importantly, there was no statistically significant difference in airway complication rates between cleft palate only and Robin sequence or Robin sequence subgroups (distraction or nonoperative treatment) following the presented polysomnography screening protocol. These data have two implications: (1) infants with Robin sequence and severe airway obstruction necessitating mandibular distraction can undergo palatoplasty with no greater risk of airway compromise than patients without Robin sequence, and (2) polysomnography is an effective screening tool for patients with Robin sequence being considered for palate repair. There were no statistically significant differences between Robin sequence and cleft palate only with respect to length of hospital stay, time to tongue suture or nasal trumpet removal, emergency room visits, or readmissions after palatoplasty. The moderately longer time to palate repair in the Robin sequence group may largely be attributable to abnormal screening polysomnography necessitating delayed repair, tonsillectomy/adenoidectomy, or repeated distraction. The mean time to tongue suture removal was prolonged for mandibular distraction osteogenesis (1.85 days) versus cleft palate only (1.21 days) and nonoperative management (1.07 days). This may represent an increased sensitivity to postoperative airway edema in the mandibular distraction osteogenesis group. The average length of hospital stay was 2.04 days; this compares favorably to the study by Lehman et al. reporting an average length of hospital stay of 5.1 days. In contrast to the findings of Henrikkson and Skoog, age at the time of palatoplasty was not a risk factor for complications in Robin sequence. This may be attributable to the later age at which palatoplasty was performed compared with cleft palate only in our patient population, which relates to our airway criteria based on apnea-hypopnea index. Robin sequence may exist in isolation, in association with syndromes or genetic anomalies, and with other congenital anomalies. 27 Reports of syndromic diagnoses range from 7 to 70 percent 5, 28 ; however, few studies examine the effect of syndromic diagnosis or additional anomalies on airway outcomes after palatoplasty. 29 In our study, cardiac, gastrointestinal, and lower airway anomalies in addition to syndromic diagnosis and/or genetic anomalies were statistically associated with reintubation. Our group previously found that the presence of cardiac, neurologic, and two or more organ system anomalies correlates with mortality in Robin sequence. 30 These data suggest that the presence of comorbidities, rather than the diagnosis of Robin sequence itself, contributes significantly to mortality and morbidity. Patients with isolated Robin sequence experienced no reintubations; this difference trends toward significance (p = 0.07). The association of syndromic diagnosis with airway complications is consistent with the study by Lehman et al. 11 The correlation between cardiac and other anomalies with airway complications following palatoplasty has been reported for cleft palate only. 12 The correlation of lower airway and gastrointestinal anomalies with postoperative airway complications has not been reported previously. In the identified subset of at risk patients, it may be prudent to take additional precautions, such as pulmonology consultation, admittance to the hospital rather than the overnight observation unit, or placement of a nasopharyngeal tube following palatoplasty. Of note, the presence of lower airway anomalies other than laryngomalacia was found to be a risk factor for airway complications, including reintubation, whereas laryngomalacia was not a risk factor for either. This suggests that, at the time of palatoplasty, laryngomalacia may have little to no clinical effect on airway obstruction. At our institution, laryngomalacia is commonly treated with supraglottoplasty in infancy. Interestingly, we have found a high success rate for mandibular distraction osteogenesis in the presence of laryngomalacia, an airway anomaly that some centers report as a contraindication to mandibular distraction osteogenesis. 31 Polysomnography effectively quantifies the degree of obstructive sleep apnea. Freed et al. first used polysomnography in six neonates with Robin sequence to determine the need for tongue-lip adhesion, before and after palatoplasty, and after tongue-lip adhesion release. 15 In a series of 21 patients, Bull et al. demonstrated how polysomnography helps indicate the need for operative intervention, success of intervention as an ongoing diagnostic tool for borderline cases, and reinitiation of oral feeding. 16 To our knowledge, this is the first study to compare airway complications following palatoplasty between Robin sequence and cleft palate only using screening polysomnography. We hypothesized that using an objective assessment protocol would minimize airway complications. Our rate of airway complications following this protocol is lower than other published studies and comparable to cleft palate only. This suggests that using screening polysomnography enhances the safety margin in palatoplasty and is a critical tool in Robin sequence airway assessment.
Although the presented study is the largest of its kind, the relatively limited sample size should be considered when interpreting the results. Additional follow-up will be required to identify any effect of palatoplasty on long-term airway function in Robin sequence. Although patients were monitored closely by a pulmonologist, we do not have objective measurements of postoperative airway obstruction for all patients. Postoperative polysomnography was performed only if there was clinical evidence of obstructive sleep apnea. In addition, patients with Robin sequence who underwent nonoperative management did not consistently undergo preoperative polysomnography assessment between 2000 and 2005, which may create an admission bias for this subgroup. Also, patients may have been indicated for mandibular distraction osteogenesis and the procedure refused by the family, which can create an additional admission bias for our subgroups. Finally, although our criteria for distraction are protocol driven, there were two plastic surgeons evaluating patients over the study period, which could potentially have led to bias within the Robin sequence group. This study illustrates how screening polysomnography can minimize complications following primary palatoplasty. With respect to operations for velopharyngeal insufficiency, the data suggest that sphincter pharyngoplasty may result in less obstructive sleep apnea than pharyngeal flap surgery. Jackson et al. experienced complications in three Robin sequence patients undergoing simultaneous palatoplasty and pharyngeal flap: death, cor pulmonale and need for flap revision, and need for subsequent tongue-lip adhesion. 19 Abramson et al. reported an 86 percent takedown rate of pharyngeal flap in seven patients with nonsyndromic Robin sequence. 20 In contrast, Witt et al. 25 found that no patients required takedown of sphincter pharyngoplasty despite a higher rate of airway problems in Robin sequence (45 percent versus 14 percent for all patients). Further study
